Recent contributions to the study of hemoglobin regeneration in secondary anemia have laid stress on the therapeutic value of natural food products (1) (2). These reports have led to the indiscriminate administration of glandular organs, notably liver, to patients who had some form of secondary anemia.
The present investigation was undertaken in order to determine the exact role of iron salts in hemoglobin formation in long-standing experimental anemia, and to study the effect of feeding beef liver on hematopoietic activity. The exhaustive and well-controlled experiments of Whipple and his associates have advanced our knowledge greatly. However, the use of a wide variety of food products and the attempts to control the metabolism of pigment, and blood cell stroma, have introduced an element of uncertainty with regard to the quantitative effect of iron in bone marrow activity.
In experimental work of this type the factor of relative depletion of the body iron reserve cannot be over-emphasized. An adequate vitamin intake must be assured in order to maintain a healthy bone marrow (3). In the matter of iron depletion, years of clinical observation have demonstrated that in prolonged hemorrhage, from whatever cause, the administration of some form of iron is directly beneficial, without necessarily having a specific stimulating effect upon the bone marrow itself. Whipple and Robscheit-Robbins (2) have stated that the feeding of liver had a well-marked effect upon hemoglobin regeneration. In attempting to confirm this observation -it seemed plausible to substitute for glandular organs an adequate supply of vitamin in the diet, and to study the effect of adding and withholding iron salts.
LIVER AND IRON IN EXPERIMENTAL ANEMIA
The general plan of study followed the methods of Whipple and Robscheit-Robbins, but several modifications will be described. Dogs were fed the basal bread mixture (C) (4) , substituting for the salt mixture 500 cc. of whole milk to the daily ration. This insured the presence of an adequate amount of vitamin B. Facilities were not available to determine the iron content of the diet, but it was probably quite low. Preliminary experiments were carried out by feeding the original bread mixture of young rats previously deprived of vitamin B. When the bread was fed, the resulting growth curves showed a definite lag in the weights of the animals, as compared with the controls. The addition of milk had a further advantage for the animals consumed the bread mixture completely.
Plasma volume estimations were omitted, because the dogs were bled at intervals of at least two days; this is considered ample time for readjustment of the blood volume following moderate hemorrhage. The amount of blood withdrawn each time depended upon the hemoglobin percentage found at the time of the previous bleeding. After some experience, the size of the hemorrhage necessary to keep the hemoglobin level at about 50 per cent could be estimated. The amount of blood withdrawn varied from 30 cc. to 300 cc. The small samples of blood taken between the larger bleedings were helpful in determining the rate of hemoglobin regeneration and in deciding upon extent of the succeeding hemorrhage. As the protocols show, the larger hemorrhages were produced at fairly long intervals.
Hemoglobin determinations were made by the oxygen capacity method of Van The periods of experimental feeding were usually ten days in duration when liver, thymus, and commercial nucleic acid were used. An observation period of twenty days was usually allowed in which to note the latent effect of the food upon hemoglobin regeneration.
Iron was administered usually in the form of ferric citrate in amounts 142 of 0.8 gram daily, dissolved in water and mixed with the diet. This amount was chosen in order to provide a definite excess of the mineral without producing toxic symptoms. In two experiments ferrous carbonate was used. In contrast to the method of feeding liver, the administration of iron salts was continuous throughout the experimental period.
The experiments were planned to show the effect on hemoglobin regeneration of (1) adequate iron intake in combination with liver, (2) liver feeding in the presence of iron depletion, and (3) the effect of iron salts alone. conclusions with regard to hemoglobin regeneration it seems that the body iron reserve must be fully protected if the effects of the iron content of the foods themselves are to be avoided.
According to Wells (5) the average human body contains about 3.2 grams of iron, of which 2.4 to 2.7 grams are in the blood. If we consider that the weight of a dog is one-sixth that of a man, then the iron content of the dog's body would be about 0.6 to 0.7 gram. In order to prevent the normal rebound of blood regeneration after hemorrhage, as described by Drinker (6), a very large amount of hemoglobin must be removed. An idea of the extent of the hemorrhage necessary to accomplish this may be obtained by a study of the protocols of dogs 8 and 72. In these animals about 180 grams of hemoglobin were removed in 1700 cc. of blood during 30 to 35 days before rapid regeneration ceased. This corresponds to the removal from their bodies of 0.57 gram of iron. If we grant a small intake of iron with the food and water during this period, there was present a definite depletion of the body iron reserve in the animals at the beginning of the experiments. In feeding 4,000 grams of beef liver the 146-amount of iron administered, according to the analysis of Forbes and Swift (7), would be 0.328 gram. The recovery of 50 grams of hemoglobin would remove 0.168 gram from the animal's body. If these values represent the average results, it seems impossible to recover the iron quantitatively when absolute iron starvation is present. The figures here quoted are conservative, and a proper conception of their significance is prerequisite to an appreciation of the conditions under which the experiments were carried out.
A sharp distinction must be drawn between cellular regeneration and hemoglobin formation in the bone marrow, and a knowledge of the number of reticulated red blood cells in the circulation is of fundamental importance in this respect. The reticulocyte percentages were surprisingly low, considering the large hemorrhages which were survived. This observation is susceptible of two interpretations: (1) either the response of the bone marrow was equal to the stress caused by the hemorrhages; or (2) the bone marrow was rendered relatively inactive by some such factor as faulty diet, or disease in the animal itself. It is obvious that the latter could not have been present, because after the preliminary bleedings the number of red blood cells in the circulation quickly returned to about the normal level, regardless of the dietary ingredients, and when iron was abundantly provided hemoglobin regeneration was not interrupted. It is evident that any definite stress placed upon the mechanism of healthy bone marrow to provide red blood cells would have been shown by a more pronounced increase in reticulocytes in the peripheral blood. For this reason, it must be assumed that the power of regenerating hemoglobin was alone being tested, and not the mechanism of cell production in the bone marrow.
A recalculation of the amount of hemoglobin regeneration in the experiments of Whipple and Robscheit-Robbins has been made on the basis of grams of hemoglobin regenerated per day per kilogram of animal. The figures are taken from the experiments in which cooked beef liver and Blaud's pills (2) (8) were used. In table 5 these recalculated figures are set down, together with the percentage of hemoglobin in the animals at the beginning, and at the completion of each experiment. It will be seen that in several of these experiments where the effect of liver feeding was sought, the animals lost 2. In this form of anemia the administration of liver has no specific action upon the regeneration of hemoglobin and acts entirely through its iron content.
3. Liver feeding caused no demonstrable increase in red blood cell production, such as occurs in pernicious anemia. 4 . The therapeutic value of iron salts in the treatment of anemia resulting from hemorrhage is sustained.
5. A sharp distinction must be drawn between hemoglobin formation and cellular regeneration of the blood elements in this type of anemia.
6. Hemoglobin formation is depressed by relative iron starvation in long continued experimental anemia induced by hemorrhage, red blood cell production is somewhat less modified. cin - 
